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1
RECHARGEABLE BATTERY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of

Korean Patent Application No. 10-2013-0141421 filed in the
Korean Intellectual Property Oflice on Nov. 20, 2013, the
entire content of which 1s incorporated herein by reference.

BACKGROUND

1. Field
The described technology relates generally to a recharge-

able battery capable of maximizing an amount of an active
material coated on a positive current collector.

2. Description of the Related Art

As technical developments and demand for mobile
devices have increased, demand for rechargeable batteries as
an energy source has also increased. For example, a cylin-
drical rechargeable battery includes an electrode assembly
formed by spirally winding a separator and electrodes dis-
posed on both sides of the separator together 1n a shape of
a jelly roll, a center pin disposed in a hollow portion 1n the
center of the electrode assembly, a case containing the
clectrode assembly therein, and a cap assembly closing and
sealing an open side of the case.

In the electrode assembly, the electrode includes a coated
region (a composite region) formed by coating an active
material (a composite slurry) on a current collector and an
uncoated region exposing the current collector at the end of
the coated region. The uncoated region 1s usually positioned
at both ends of the electrode assembly, 1s connected to the
case through the negative current collecting plate, and 1s
connected to the cap assembly through the positive current
collecting plate and the lead tab.

In the cylindrical rechargeable battery having a limited
volume, a positive active material often determines the cell
capacity. Accordingly, to obtain a high-capacity cell, it 1s
required that the positive active maternial 1s maximally
increased. In the example of the positive electrode described
above, the uncoated region where the active material 1s not
coated on either surface of the current collector, 1s located at
both ends of the current collector. However, only one
uncoated region 1s connected to the lead tab, while the other
uncoated region does not contribute to the cell capacity and
simply occupies an mner space of the cell. In other words,
the extra uncoated region decreases the capacity in the
rechargeable battery of the limited volume.

To compensate for the capacity reduction, a positive
clectrode, where the uncoated region 1s not provided at both
ends of the current collector, 1s applied. The positive elec-
trode 1n this case 1s formed by the current collector and the
coated region during the spiral-winding process of the
clectrode assembly. As a result, the positive electrode
includes the uncoated region at the center of the electrode
assembly, and the lead tab 1s welded to the uncoated region.

However, since the additional uncoated region 1s removed
from the front end of the electrode assembly, the front end
becomes deformed due to the thickness of the coated region
and starts to push the separator. Accordingly, a short circuit
may be generated 1n the electrode assembly.

The above nformation disclosed in this Background
section 1s only for enhancement of understanding of the
background of the described technology and therefore 1t may
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contain information that does not form the prior art that 1s
already known 1n this country to a person of ordinary skill
in the art.

SUMMARY

Aspects of embodiments of the present invention are
directed to a rechargeable battery with improved safety and
increased capacity of a cell due to maximizing an amount of
an active material coated on a current collector.

A rechargeable battery according to one embodiment
includes: an electrode assembly comprising a first electrode,
a second electrode, and a separator between the first elec-
trode and the second electrode, wherein the separator, the
first electrode, and the second electrode are spiral-wound; a
case comprising an opening configured to receive the elec-
trode assembly; a cap assembly coupled to the sides of the
opening of the case; and a lead tab connecting the first
clectrode to the cap assembly, wherein the first electrode
includes a coating region where an active material 1s coated
on both surfaces of a current collector, a first uncoated
region where the active material 1s not coated on the current
collector, the first uncoated region positioned between a first
end and a second end of the current collector and connected
to the lead tab, and a second uncoated region where the
active material 1s not coated on one surface of the current
collector, the second uncoated region positioned at the first
end of the current collector, and wherein when the electrode
assembly 1s spiral-wound, the first end of the current col-
lector 1s 1 the center of the electrode assembly and the
second end of the current collector 1s at an outermost surface
of the electrode assembly.

The first uncoated region and the second uncoated region
may be coated with a lamination tape.

The first electrode may further include a third uncoated
region where the active material 1s not coated on one surface
of the current collector, the third uncoated region positioned
at the second end of the current collector.

The third uncoated region may be coated with the lami-
nation tape.

A first length between the second uncoated region and the
first uncoated region may be less than a second length
between the first uncoated region and the third uncoated
region.

The first length may be from about 3 to about 2 of an
entire length of the current collector that 1s spiral-wound,
and the second length may be from about 12 to about 24 of
the entire length of the current collector.

The length of the first uncoated region may be equal to a
sum of the length of the second uncoated region and the
length of the third uncoated region.

The length of the second uncoated region and the length
of the third uncoated region may be 1n a ratio of 7:3.

The coating region of the first electrode may include an
inner coating region on an inner surface of the current
collector and adjacent to the second uncoated region at the
first end of the current collector, and an outer coating region
on an outer surface of the current collector, the outer coating
region protruding further than the coating region of the
second electrode.

The coating region of the second electrode may include an
alignment portion corresponding to a distance between a
start pointing of the coating region of the second electrode
and a starting point of the mner coating region of the first
clectrode.

The outer coating region of the first electrode may include
an additional alignment portion corresponding to a distance
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between a starting point of the first electrode and a starting,
point of the mnner coating region of the first electrode,
wherein the additional alignment portion entirely overlaps
the alignment portion.

As described above, according to an exemplary embodi-
ment, the coating region of the active material 1s cut to
provide the first uncoated region and the second uncoated
region on the first electrode, such that the amount of the
coated active material may be maximized in the current
collector, thereby increasing the capacity of the cell.

In addition, the stress due to thickness diference 1is
reduced by buflering the thickness difference of the first end
of the first electrode positioned 1n the center of the spiral-
wound electrode assembly, such that the deformation of the
first end and the second electrode facing thereto, as well as
the pressure exerted by the separator on the first end of the
first electrode, may be reduced or prevented. That 1s, a short
circuit may be substantially prevented in the electrode
assembly, thereby improving safety of the cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a rechargeable battery
of a first exemplary embodiment.
FIG. 2 1s schematic a cross-sectional view of a first

clectrode before cutting.
FIG. 3 1s a schematic cross-sectional view of a cut first

electrode of FIG. 2.

FIG. 4 1s a schematic cross-sectional view of the first
clectrode of FIG. 3, a separator, and a second electrode
betfore spiral-winding,

FIG. 5 15 a cross-sectional view of the first electrode, the
separator, and the second electrode of FIG. 4 at the start state
of the spiral-winding process.

FIG. 6 1s a cross-sectional view of a first electrode, a
separator, and a second electrode betore spiral-winding 1n a
rechargeable battery according to a second exemplary
embodiment.

DETAILED DESCRIPTION

The present invention will be described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified 1n various diflerent ways, all
without departing from the spirit or scope of the present
invention. The drawings and description are to be regarded
as illustrative 1n nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion. In the drawings, the thickness or size of elements are
exaggerated for clarity and not necessarily drawn to scale.
Further, the use of “may” when describing embodiments of
the present invention refers to “one or more embodiments of
the present mnvention.”

FIG. 1 1s a cross-sectional view of a rechargeable battery
of a first exemplary embodiment. Referring to FIG. 1, a
rechargeable battery includes an electrode assembly 10
performing charging and discharging, a case 20 contaiming
the electrode assembly 10 thereimn, a cap assembly 30
coupled to the sides of an opening of the case 20, and a lead
tab 40 (for example, a positive lead tab) electrically con-
necting the cap assembly 30 to the electrode assembly 10.

In some embodiments, the cap assembly 30 1s coupled to
the sides of the opening of the case 20 by interposing a
gasket 50 that insulates the cap assembly 30 from the case
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20, and closes and seals the case 20 after the electrode
assembly 10 and an electrolyte solution have been placed 1n
the case 20.

In some embodiments, the cap assembly 30 1s electrically
connected to the electrode assembly 10 through a current
interrupt device and the positive lead tab 40. A positive
insulating plate 60 1s interposed between the cap assembly
30 and the electrode assembly 10 to insulate them, and the
positive msulating plate 60 1s penetrated by the positive lead
tab 40.

The electrode assembly 10 includes a first electrode 11
(for example, a positive electrode), a separator 12, and a
second electrode 13 (for example, a negative electrode) that
are sequentially stacked. The electrode assembly 10 1is
formed by spiral-winding the positive electrode 11, the
negative electrode 13, and the insulating separator 12
between the positive and negative electrodes, 1n a jelly roll
shape.

In one embodiment, the electrode assembly 10 may be
formed to be cylindrical. The cylindrical electrode assembly
10 includes a center pin 14 at the center thereof. The center
pin 14 holds the electrode assembly 10 1 a cylindrical
shape.

FIG. 2 1s a cross-sectional view of a first electrode before
cutting, and FIG. 3 1s a cross-sectional view of a cut {first

clectrode of FIG. 2. Referring to FIG. 2 and FIG. 3, the

positive electrode 11 1includes a coating region 115, where an
active material 1s coated on both sides of a current collector
114 formed of a thin metal plate, and a first uncoated region
111, a second uncoated region 112, and a third uncoated
region 113, where 1n each uncoated region the active mate-
rial 1s not coated and the current collector 114 1s exposed. In
some embodiments, the current collector of the positive
clectrode 11 may be formed of aluminum.

In some embodiments, the first uncoated region 111 1s
formed at one side of the coating region 1135 between a {first
and a second end of the current collector 114, such that when
the electrode assembly 10 1s completely spiral-wound, the
first end 1s positioned in the center of the electrode assembly
10 and the second end 1s positioned at an outermost surface

of the electrode assembly 10. The positive lead tab 40 1s
connected to the first uncoated region 111.

In the present exemplary embodiment, the first uncoated
region 111 1s formed symmetrically at both surfaces of the
current collector 114 to prevent a spiral-winding defect. The
positive lead tab 40 may be welded to the first uncoated
region 111 at one surface of the current collector 114.
However, the first uncoated region may also be formed at
only one surface of the current collector.

The second uncoated region 112 1s formed at one side of
the coating region 115 on one surface of the current collector
114 at the first end of the current collector 114. The third
uncoated region 113 1s formed at one side of the coating
region 115 on one surface of the current collector 114 at the
second end of the current collector 114. In the present
embodiments, when the electrode assembly 10 1s completely
spiral-wound, the first end 1s positioned at the center of the
clectrode assembly 10, and the second end is positioned at
the outermost surface of the electrode assembly 10.

Referring to FIG. 2 and FIG. 3, a manufacturing process
of the positive electrode 11 will be described. The active
material 1s coated on both surfaces of the current collector
114 with a predetermined coating pattern P1 to form the
coating region 115, and 1s cut according to a unit cell pattern
P2 to obtain the positive electrode 11 for forming one
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clectrode assembly 10. At this time, the second and third
uncoated regions 112 and 113 and the coating region 113 are
also cut.

As 1llustrated i FIG. 3, when the positive electrode 11 1s
cut, each unit cell pattern P2 includes the coating region 115,
the first uncoated region 111 between the lateral ends of the
pattern, and the second and third uncoated regions 112 and
113 at respective lateral ends of the pattern. Referring back
to FIG. 2, the coating pattern P1 1s arranged to overlap
portions of two adjacent unit cell patterns P2, such that each
coating pattern P1 includes the first uncoated region 111, the
second uncoated region 112 and a portion of the coating
region 115 of the first unit cell pattern P2, and the third
uncoated region 113 and a portion of the coating region 115
ol an adjacent unit cell pattern P2.

In the embodiment where the first uncoated region 111 1s
connected to the positive lead tab 40, the surface of the first
uncoated region 111 to which the positive lead tab 40 1s not
connected 1s coated with lamination tape 117. Also, the
neighboring second and third uncoated regions 112 and 113
are respectively coated with lamination tapes 118 and 119.

In some embodiments, the lamination tape 117 prevents
the active material adjacent to the sides of the first uncoated
region 111 from separating and exposing the first uncoated
region 111. The lamination tape 117 may also smooth out a
thickness difference between the coating region 1135 and the
first uncoated region 111 on both surfaces of the current
collector 114.

The lamination tapes 118 and 119 are respectively placed
at both sides of the second and third uncoated regions 112
and 113 when cutting the unmit cell pattern P2, thereby
preventing the active material adjacent to the second and
third uncoated regions 112 and 113 from separating and
exposing the second and third uncoated regions 112 and 113.
The lamination tapes 118 and 119 are divided into a first end
side and a second end side with respect to the electrode
assembly 10. The divided lamination tapes 118 and 119 may
smooth out the thickness difference between the coating
region 115 and the second and third uncoated regions 112
and 113 at one surface of the current collector 114.

Again referring to FIG. 1 and FIG. 4, 1n some embodi-
ments the negative electrode 13 includes a coating region
131, where the active material 1s coated to both sides of a
current collector 130 formed of the thin metal plate, and an
uncoated region 132, where the active material 1s not coated
and the current collector 130 1s exposed. In some embodi-
ments, the current collector 130 of the negative electrode 13
may be formed of copper.

For the spirally-wound electrode assembly 10, the posi-
tive lead tab 40 1s connected to the first uncoated region 111
of the positive current collector 114 of the positive electrode
11 by welding, and penetrates the positive insulating plate 60
to be electrically connected to the cap assembly 30. The cap
assembly 30 acts as the positive terminal 1n the rechargeable
battery of the present embodiments.

Referring to the negative electrode 13, a negative 1nsu-
lating plate 133 1s positioned between the electrode assem-
bly 10 and the case 20 to eclectrically insulate them. A
negative lead tab 41 1s connected to the uncoated region 132
of the negative clectrode 13 by welding. The uncoated
region 132 1s positioned either at the outermost area or at the
center of the electrode assembly 10. In some embodiments,
the negative lead tab 41 penetrates the negative insulating,
plate 133 to be connected to the case 20 by welding, and
accordingly, the case 20 acts as the negative terminal of the
rechargeable battery of the present embodiments. The nega-
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tive lead tab 41 may be formed of a conductive metal such
as aluminum, an aluminum alloy, or nickel coated steel.

The case 20 has an opeming at one side to allow the
clectrode assembly 10 having a cylindrical shape to be
inserted therein.

In some embodiments, the cap assembly 30 includes a cap
plate 31, a positive temperature coetlicient (PTC) element
35, a vent plate 32, an msulating member 33, a sub-plate 34,
and a middle plate 38 that are sequentially stacked starting
from the outer side towards the 1nner side of the case 20.

In some embodiments, the cap plate 31 1s connected to the
positive lead tab 40 thereby acting as the positive terminal
in the rechargeable battery of the present embodiments. The
cap plate 31 also includes a protruding portion 311 protrud-
ing outside of the case 20 and an exhaust port 312 that forms
an opening at the side of the protruding portion 311 that
exhausts inner gas.

In some embodiments, the current interruption device
includes the vent plate 32 and the sub-plate 34 connected to
cach other 1n the cap assembly 30. The vent plate 32 and the
sub-plate 34 may be connected by welding.

The vent plate 32 formed at one side of the current
interruption device and 1s installed at the iner side of the
cap plate 31, thereby being electrically connected to the
sub-plate 34 formed at the other side of the current inter-
ruption device.

In some embodiments, the vent plate 32 includes a vent
321, and the vent 321 1s configured to rupture at a high
pressure condition to interrupt the electrical connection with
the sub-plate 34 and discharge the inner gas.

In some embodiments, the vent 321 protrudes from the
vent plate 32 toward the 1nside of the case 20. The vent plate
32 may further include a notch 322 for guiding the rupture
of the vent 321 near the vent 321.

When the internal pressure of the battery 1s increased by
the gas generated 1n the case 20, the notch 322 1s iitially
damaged to discharge the gas through the vent plate 32 and
the exhaust port 312, such that the possibility of explosion
of the rechargeable battery may be reduced or prevented.

In the embodiments where the connection of the vent
plate 32 and the sub-plate 34 1s interrupted by the rupture of
the vent 321, the electrode assembly 10 and the cap plate 31
are electrically disconnected.

In some embodiments, the positive temperature coefli-
cient element 35 1s installed between the cap plate 31 and the
vent plate 32, and therefore the current flowing between the
cap plate 31 and the vent plate 32 may be controlled
according to the temperature inside the rechargeable battery.

When the inner temperature of the battery reaches a high
temperature condition, the electrical resistance of the posi-
tive temperature coellicient element 335 1s increased and
approaches infinity. As such, the positive temperature coet-
ficient element 35 may interrupt the flow of the charging or
discharging current between the cap plate 31 and the vent
plate 32.

In some embodiments, the sub-plate 34 faces the vent
plate 32, such that both the sub-plate 34 and the vent plate
32 face the msulating member 33 positioned between them,
and the sub-plate 34 1s electrically connected to the vent 321.
In some embodiments, the middle plate 38 1s placed between
the msulating member 33 and the sub-plate 34. The vent 321
protrudes through the penetration holes of the insulating
member 33 and the middle plate 38, and 1s connected to the
sub-plate 34.

Accordingly, the middle plate 38 is electrically connected
to the sub-plate 34 and the vent 321. Also, the middle plate
38 1s connected to the positive lead tab 40 by welding, and
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the positive lead tab 40 1s connected to the first uncoated
region 111 of the positive electrode 11 by welding.

As a result, the positive electrode lead tab 40 1s electri-
cally connected to the cap plate 31 by sequentially passing
through the middle plate 38, the sub-plate 34, the vent 321,
the vent plate 32, and the positive temperature coellicient
clement 35.

In some embodiments, the positive isulating plate 60 1s
disposed between the sub-plate 34 and the electrode assem-
bly 10 to electrically insulate the electrode assembly 10 from
the sub-plate 34 and the middle plate 38. The positive lead
tab 40 1s connected to the first uncoated region 111 of the
positive electrode 11 and 1s connected to the middle plate 38
through the positive isulating plate 60.

In some embodiments, the cap assembly 30 1s mserted
into the opening of the case 20, while providing the gasket
50 to be placed between the cap assembly 30 and the case
20, and 1s fixed to the sides of the opening of the case 20
through a crimping process to thus form the rechargeable
battery cell.

In the present embodiment, the case 20 includes a beading,
portion 21, and the gasket 50 1s inserted on the side of the
opening of the case 20 at opposite ends of the opeming. The
beading portion 21 and the gasket 50 form a clamping
portion 22 for holding an external circumference of the cap
assembly 30.

FI1G. 4 1s a cross-sectional view of a first electrode of FIG.
3, a separator, and a second electrode before spiral-winding.
Referring to FIG. 4, 1n the positive electrode 11, the first
uncoated region 111, the second uncoated region 112, and
the third uncoated region 113 are respectively coated by the
lamination tapes 117, 118, and 119.

A first length L1 between the second uncoated region 112
and the first uncoated region 111 1s less than a second length
.2 between the first uncoated region 111 and the third
uncoated region 113. For example, the first length .1 may be
from about 14 to about V% of the entire length of the current
collector 114, and the second length .2 may be from about
/2 to about 24 of the entire length of the current collector
114.

Accordingly, in the embodiments where the electrode
assembly 10 1s spiral-wound, the positive lead tab 40 1s
positioned toward the center of the electrode assembly 10.
The positive lead tab 40 has a function of moving electrons
in the charge and discharge process and 1s positioned at the
center such that the cell resistance may be reduced.

In some embodiments, a length .11 of the first uncoated
region 111 1s the same as a sum of a length .12 of the second
uncoated region 112 and a length L1301 the third uncoated
region 113. Accordingly, the same size of lamination tape
can be used in forming lamination tapes 117, 118, and 119.

In some embodiments, the second uncoated region 112
and/or the third uncoated region 113 1s respectively cut at the
first and second ends of the current collector 114, thereby
being divided into the length .12 and the length L13,
respectively. The length L.12 of the second uncoated region
112 at the first end of the current collector 114 and the length
[.13 of the third uncoated region 113 at the second end of the
current collector 114 may be in a ratio of 7:3. When the
clectrode assembly 10 1s completely spiral-wound, the first
end 1s positioned at the center of the electrode assembly 10
and the second end 1s positioned at the outermost surface of
the electrode assembly 10.

In some embodiments, the coating region 115 of the
positive electrode 11 includes an inner coating region 151
coated on an inner surface of the current collector 114 and
positioned between the first and second uncoated regions
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111 and 112, and an outer coating region 152 coated on an
outer surface of the current collector 114. When compared to
the coating region 131 of the negative electrode 13, the outer
coating region 152 extends further than the coating region
131 of the negative electrode 13.

At the first end of the current collector, the second
uncoated region 112 where the mner coating region 151 1s
not formed, buflers the thickness difference of the coating
region 115 corresponding to the difference 1n lengths
between the mnner coating region 151 and the outer coating
region 152. Therefore, when performing the spiral-winding,
the stress acting on the outer coating region 152 by the
thickness difference of the coating region 115 1s reduced,
and a deformation of the first end of the current collector 114
ol the positive electrode 11, and the coating region 131 and
the uncoated region 132 of the negative electrode 13 facing
thereto, may be reduced or prevented.

Referring to FIG. 5, 1n some embodiments, the end of the
second uncoated region adjacent to the inner coating region
151 1s coated by the lamination tape 118, such that the stress
acting on the outer coating region 152 is absorbed under the
spiral-winding to be further reduced, and the deformation of
the first end of the current collector 114 of the positive
clectrode 11 and the coating region 131 and the uncoated
region 132 of the negative electrode 13 facing thereto may
be further reduced or prevented.

At the second end of the current collector 114, the third
uncoated region 113, where the inner coating region 151 1s
not formed, buflers the thickness difference of the coating
region 115 corresponding to the difference 1n lengths
between the mner coating region 151 and the outer coating
region 152. Therefore, when performing spiral-winding, the
stress acting on the coating region 131 and the uncoated
region 132 of the negative electrode 13 due to the thickness
difference of the coating region 1135 1s reduced, and the
deformation of the second end of the current collector 114 of
the positive electrode 11, and the coating region 131 and the
uncoated region 132 of the negative electrode 13, located at
the outermost area of the electrode assembly, 10, may be
reduced or prevented.

FIG. 5 1s a cross-sectional view of a first electrode, a
separator, and a second electrode of FIG. 4 an 1nitial state of
spiral-winding. Referring to FIG. 5, the coating region 131
of the negative electrode 13 includes an alignment portion
Al between a starting point of the coating region 131 and a
starting point of the inner coating region 151.

In some embodiments, the outer coating region 152 of the
positive electrode 11 protrudes further than the coating
region 131 of the negative electrode 13, so that the end of the
coating region 131 of the negative electrode 13 corresponds
to the middle of the outer coating region 152 of the positive
clectrode 11.

In some embodiments, the outer coating region 152 of the
positive electrode 11 includes an additional alignment por-
tion A2 corresponding to the alignment portion Al. The
additional alignment portion A2 of the positive electrode 11
1s set from the starting point of the positive electrode 11 to
the end of the alignment portion Al of the negative electrode
13, and therefore overlaps with the entire alignment portion
Al of the negative electrode 13. The additional alignment
portion A2 and the positive electrode 11 may operate the
charge and discharge that interacts with the alignment por-
tion Al of the negative electrode 13. Accordingly, cell
capacity may be improved.

In some embodiments, in the center of the electrode
assembly 10, the lamination tape 118 coats the end of the
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second uncoated region 112 and the mner coating region
151, thereby absorbing the stress acting on the outer coating
region 152.

Next, a second exemplary embodiment will be described,
and the description of the same constitutions as 1n the first
exemplary embodiment 1s not provided here again, and only
the differences will be described.

FIG. 6 1s a cross-sectional view of a first electrode, a
separator, and a second electrode before spiral-winding 1n a
rechargeable battery according to the second exemplary
embodiment. Referring to FIG. 6, 1n the second exemplary
embodiment, a positive electrode 71 1includes a (first
uncoated region 711 and a second uncoated region 712 and
does not include the third uncoated region 113 of the first
exemplary embodiment.

A coating region 116 of the positive electrode 71 includes
an inner coating region 261 coated on the inner surface of a
current collector 214 at the first end of the current collector
214, between the first uncoated region 711 and the second
uncoated region 712, and an outer coating region 262 coated
on the outer surface of the current collector 214. When
comparing the positive electrode 71 and the negative elec-
trode 13, the outer coating region 262 protrudes further than
the coating region 131 of the negative electrode 13.

The second uncoated region 712 buflers the thickness
difference of the coating region 116 corresponding to the
difference in lengths between the mnner coating region 261
and the outer coating region 262. Therefore, when perform-
ing spiral-winding, the stress acting on the outer coating
region 262 1s reduced, and the deformation of the first end
ol the current collector 214 of the positive electrode 71, and
the coating region 131 and the uncoated region 132 of the
negative electrode 13, located at the center of the electrode
assembly, may be reduced or prevented.

In some embodiments, the end of the second uncoated
region 712 adjacent to the inner coating region 261 1s coated
by a lamination tape 218, such that the separation of the
active material adjacent to the second uncoated region 712
during the spiral-winding process 1s reduced or prevented,
the stress acting on the outer coating region 262 1s absorbed
and reduced, and the deformation of the first end of the
current collector 214 of the positive electrode 71, and the
coating region 131 and the uncoated region 132 of the
negative electrode 13 may be further reduced or prevented.

While this disclosure has been described in connection
with what 1s presently considered to be practical exemplary
embodiments, 1t 1s to be understood that the invention 1s not
limited to the disclosed embodiments, but, on the contrary,
1s mntended to cover various modifications and equivalent
arrangements 1cluded within the spirit and scope of the
appended claims.

Description of Symbols

10: electrode assembly 11, 71: first electrode (positive electrode)
12: separator 13: second electrode (negative electrode)
14: center pin 20: case

21: beading portion 22: clamping portion

30: cap assembly 31: cap plate

32: vent plate 33: insulating member

34: sub-plate

35: positive temperature

coeflicient (PTC) element
3%8: middle plate
50: gasket

40, 41: positive, negative lead tab

60, 133: positive and negative insulating
plate

111, 711: first uncoated 112, 712: second uncoated region
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-continued

Description of Symbols

113: third uncoated region 114, 214, 130: current collector
115, 131, 116: coating region 117, 118, 119, 218: lamination tape
132: uncoated region 151, 261: mnner coating region

152, 262: outer coating region 311: protrusion portion

312: exhaust port 321: vent

Al: alignment portion A2: additional alignment portion

L1, L.2: first, second length [.11: length of a first uncoated
region

L.12: length of a second

uncoated region
L.13: length of a third
uncoated region

P1l: coating pattern P2: unit cell pattern

What 1s claimed 1s:

1. A rechargeable battery comprising:

an electrode assembly comprising a first electrode, a
second electrode, and a separator between the first
clectrode and the second electrode, wherein the sepa-
rator, the first electrode, and the second electrode are
spiral-wound;

a case comprising an opening configured to receive the
clectrode assembly;

a cap assembly coupled to the sides of the opening of the
case; and

a lead tab connecting the first electrode to the cap assem-
bly.

wherein the first electrode comprises:

a coating region where an active material 1s coated on
both surfaces of a current collector,

a 1irst uncoated region where the active material 1s not
coated on the current collector, the first uncoated
region positioned between a first end and a second
end of the current collector and connected to the lead
tab,

a second uncoated region where the active material 1s
coated on a first surface of the current collector and
1s not coated on a second surface of the current
collector opposite the first surface, the second
uncoated region positioned at the first end of the
current collector; wherein when the electrode assem-
bly 1s spiral-wound, the first end of the current
collector 1s 1n the center of the electrode assembly
and the second end of the current collector 1s at the
outermost surface of the electrode assembly,

a third uncoated region where the active material 1s
coated on the first surface of the current collector and
1s not coated on the second surface of the current
collector opposite the first surface, the third uncoated
region positioned at the second end of the current
collector,

a first lamination tape covering the first uncoated region
and an edge portion of a top surface of the coating
region adjacent to the first uncoated region,

a second lamination tape covering the second uncoated
region and an edge portion of a top surface of the
coating region adjacent to the second uncoated
region, and

a third lamination tape covering the third uncoated
region and an edge portion of a top surface of the
coating region adjacent to the third uncoated region.

2. The rechargeable battery of claim 1, wherein a first
length between the second uncoated region and the first
uncoated region 1s less than a second length between the first
uncoated region and the third uncoated region.
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3. The rechargeable battery of claim 2, wherein
the first length 1s from about %3 to about 2 of an entire
length of the current collector, and
the second length 1s from about 2 to about 24 of the entire
length of the current collector. d
4. The rechargeable battery of claim 1, wherein the length
of the first uncoated region 1s equal to a sum of the length
of the second uncoated region and the length of the third
uncoated region.
5. The rechargeable battery of claim 4, wherein
the length of the second uncoated region and the length of
the third uncoated region are i a ratio of 7:3.
6. The rechargeable battery of claim 1, wherein
the coating region of the first electrode comprises:
an mner coating region on an nner surface of the current
collector and adjacent to the second uncoated region at
the first end of the current collector; and

10

15

12

an outer coating region on an outer surface of the current
collector, the outer coating region protruding turther
than a coating region of the second electrode.

7. The rechargeable battery of claim 6, wherein

the coating region of the second electrode comprises an
alignment portion corresponding to a distance between
a starting point of the coating region of the second
clectrode and a starting point of the inner coating
region of the first electrode.

8. The rechargeable battery of claim 7, wherein

the outer coating region of the first electrode comprises an
additional alignment portion corresponding to a dis-
tance between a starting point of the first electrode and
a starting point of the mner coating region of the first
clectrode, the additional alignment portion entirely
overlapping the alignment portion.
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